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(57) ABSTRACT 
A turbo-molecular pump has a housing with intake and 
exhaust ports. A rotary body is enclosed in the housing and 
has rotor blades of a series of stages formed so that the outside 
diameter of at least one stage on the exhaust port side is 
smaller than that on the intake port side. Stator blades are 
arranged between the rotor blades and spacer rings are 
arranged between the stator blades to hold the stator blades at 
predetermined intervals. The spacer rings are formed so that 
the Smallest inside diameter of at least one stage of the spacer 
rings on the exhaust port side is Smaller than the largest 
outside diameter of the rotor blades. The housing comprises a 
casing whose inside diameter is constant or whose inside 
diameter is Smaller at the intake port side than at the exhaust 
port side. 

4 Claims, 5 Drawing Sheets 
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TURBO-MOLECULAR PUMP AND METHOD 
OFASSEMBLING TURBO-MOLECULAR 

PUMP 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a U.S. national stage application of 
International Application No. PCT/JP2006/312108, filed Jun. 
16, 2006, claiming a priority date of Jun. 22, 2005, and 
published in a non-English language. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a turbo-molecular pump 

used, for example, for evacuation in a vacuum chamber and a 
method of assembling the turbo-molecular pump. 

2. Description of the Related Art 
Equipment using a vacuum device which accomplishes 

evacuation by using a vacuum pump and the interior of which 
is kept in vacuum includes semiconductor manufacturing 
equipment, liquid crystal manufacturing equipment, electron 
microscopes, Surface analyzers, microfabrication equipment, 
and the like. 

Also, among various types of vacuum pumps, a turbo 
molecular pump is often used to realize a high-vacuum envi 
rOnment. 

The turbo-molecular pump is configured so that a rotor 
rotates at a high speed in a casing having an intake port and an 
exhaust port. On the inner peripheral Surface of the casing, 
stator blades are disposed in multiple stages, and on the other 
hand, on the rotor, rotor blades are disposed radially in mul 
tiple stages. 
When the rotor rotates at a high speed, gas is Sucked 

through the intake port and discharged through the exhaust 
port by the action of the rotor blades and stator blades. 
The aforementioned rotor has a substantially cylindrical 

shape one end of which is closed, and at the end on the closed 
side, a rotor shaft (rotating shaft) is fixed. The rotor blades are 
formed in multiple stages from the intake port side toward the 
exhaust port side (from the upstream side toward the down 
stream side) so as to project radially from the outer peripheral 
wall surface of the rotor. 

The rotor shaft of the turbo-molecular pump rotates at a 
high speed close to the motion velocity of gas molecule, so 
that a high centrifugal stress acts on the rotor blades due to 
this rotation. The centrifugal force acting on the rotor blades 
increases toward the lower stage (downstream side). 

Thereupon, a technique for restraining breakage by relax 
ing the centrifugal stress has conventionally been proposed in 
the following Patent Document. 
Patent Document 1: Japanese Unexamined Patent Applica 

tion Publication No. 10-246197 
Patent Document 1 proposes a turbo-molecular pump hav 

ing a construction Such that for the rotor blades provided in 
multiple stages, the outside diameters of the rotor blades on 
the exhaust port side are smaller than the outside diameters of 
the rotor blades on the intake port side. 
By using Such a construction, the centrifugal stress acting 

on the rotor blade and the support part thereof on the down 
stream side (the exhaust port side) when the rotor rotates at a 
high speed can be reduced, and therefore the exhaust proper 
ties of pump can be improved while restraining local stress 
and temperature rise. 

However, the above-described turbo-molecular pump hav 
ing a construction Such that the outside diameters of the rotor 
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2 
blades on the exhaust port side are smaller than the outside 
diameters of the rotor blades on the intake port side as 
described in Patent Document 1 has a problem in that a 
method of assembling stator blades and spacer rings is 
restricted as compared with a turbo-molecular pump in which 
the outside diameters of rotor blades in all stages are equal. 
The spacer ring is a positioning member for providing a 

necessary clearance between the stator blades. 
For example, a case where the spacer ring is formed inte 

grally, that is, formed into a ring shape continuous in the 
circumferential direction is explained. 
To restrain the reduction in exhaust properties, the turbo 

molecular pump has a construction Such that a clearance 
between the inner wall of spacer ring and the outside diameter 
of rotor blade is decreased to prevent the backflow of gas. 

Therefore, the stator blades cannot be piled up one after 
another from the downside (from the exhaust port side) while 
the spacer rings are fitted from the intake port side of rotor 
blade because the rotor blade on the intake port side and the 
spacer ring on the exhaust port side interfere with each other. 

Conventionally, a method has been used in which the 
spacer rings are halved like the stator blades, and the stator 
blades are piled up one after another from the downside (from 
the exhaust port side) while being inserted from the radial 
direction. 

However, for such a halved spacer ring, at the time of 
fabrication, that is, at the time of cutting, the cut Surface may 
be deformed, or the external shape may be distorted. 

Also, for the turbo-molecular pump using the halved 
spacer rings, the strength against breaking torque at the time 
of abnormality decreases as compared with the turbo-mo 
lecular pump using integral spacer rings that are not halved. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to pro 
vide a turbo-molecular pump capable of solving problems at 
the time when a turbo-molecular pump having a construction 
such that the outside diameters of rotor blades on the exhaust 
port side are smaller than the outside diameters of rotor blades 
on the intake port side and capable of improving the assem 
bling efficiency, and a method of assembling the turbo-mo 
lecular pump. 
To achieve the above object, the invention according to a 

first aspect provides a turbo-molecular pump including a 
housing having an intake port and an exhaust port; a rotating 
body which is enclosed in the housing and has rotor blades of 
a plurality of stages that are formed so that the outside diam 
eter of at least one stage on the exhaust port side is Smaller 
than that on the intake port side; a rotating shaft pivotally 
Supporting the rotating body; a motor for rotating the rotating 
shaft; stator blades which are fixed to the housing, being 
arranged between the rotor blades, and each of which is 
divided into at least two pieces; and spacer rings each having 
a ring shape continuous in the circumferential direction 
which are arranged between the stator blades to hold the stator 
blades at predetermined intervals, and are formed so that the 
Smallest inside diameter of at least one stage on the exhaust 
port side is smaller than the largest outside diameter of the 
rotor blades, characterized in that a clearance between the 
adjacent spacer rings which is formed in the axial direction 
when the spacer rings are moved to the intake port side is 
larger than the thickness of the stator blade. 
The invention according to a second aspect, in the inven 

tion according to the first aspect, the spacer ring is formed by 
a ring-shaped body part having a rectangular cross section, a 
step part projecting from the end Surface on the exhaust port 



US 8,366,380 B2 
3 

side of the body part to the outer periphery, and a projecting 
part projecting from the step part to the exhaust port side, the 
projecting part of the adjacent spacer ring and the outer 
peripheral wall of the body part form a holding structure for 
holding the spacer ring by engagement, and a length obtained 
by adding the thickness of the stator blade to the length from 
the end surface on the intake port side of the body part to the 
end Surface on the intake port side of the step part is longer 
than the length of the projecting part. 

The invention according to a third aspect, in the invention 
according to the first aspect or the second aspect, an adjusting 
structure is provided to increase the axial displacement of the 
spacer ring. 
The invention according to a fourth aspect, in the invention 

according to the third aspect, the adjusting structure is con 
figured by a level difference which is formed on the inside and 
on the intake port side of the spacer ring and the inside 
diameter of which is larger than the outside diameter of the 
rotor blade. 

To achieve the above object, the invention according to a 
fifth aspect provides a method of assembling a turbo-molecu 
lar pump having a housing having an intake port and an 
exhaust port; a rotating body which is enclosed in the housing 
and has rotor blades of a plurality of stages that are formed so 
that the outside diameter of at least one stage on the exhaust 
port side is Smaller than that on the intake port side; a rotating 
shaft pivotally Supporting the rotating body; a motor for rotat 
ing the rotating shaft; stator blades which are fixed to the 
housing, being arranged between the rotorblades, and each of 
which is divided into at least two pieces; and spacerrings each 
having a ring shape continuous in the circumferential direc 
tion which are arranged between the stator blades to hold the 
stator blades at predetermined intervals, and are formed so 
that the Smallest inside diameter of at least one stage on the 
exhaust port side is Smaller than the largest outside diameter 
of the rotor blades, characterized by including a first step of 
disposing only the spacer ring having an inside diameter 
smaller than the largest outer diameter of the rotor blades on 
the housing or a fixed part fixed to the housing; a second step 
of inserting the rotating body in the housing; a third step of 
moving the spacer ring disposed on the fixed part in the first 
step to the intake port side and thereby forming a clearance 
between the adjacent spacer rings; a fourth step of inserting 
the stator blade between the rotor blades from the outside in 
the radial direction through the clearance between the spacer 
rings formed in the third step; and a fifth step of moving the 
spacer ring moved in the third step to the exhaust port side and 
thereby fixing the stator blade inserted in the fourth step. 

According to the first aspect of the invention, the clearance 
between the adjacent spacer rings at the time when the stator 
blade is assembled is formed so as to be larger than the 
thickness of the stator blade. 

Therefore, the stator blade can be inserted through the 
clearance between the stacked spacer rings. 

According to the second aspect of the invention, the length 
obtained by adding the thickness of the stator blade to the 
length from the end surface on the intake port side of the body 
part to the end Surface on the intake port side of the step part 
is longer than the length of the projecting part. Therefore, a 
clearance having a proper width can be secured easily. 

According to the third aspect of the invention, the adjusting 
structure is provided to adjust the clearance between the 
adjacent spacer rings at the time when the stator blade is 
assembled. Therefore, a necessary interval can be formed 
properly. 

According to the fourth aspect of the invention, the adjust 
ing structure is configured by the level difference in the inter 
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4 
ference part between the spacer ring and the rotor blade. 
Therefore, a clearance having a proper width can be secured 
easily. 

According to the fifth aspect of the invention, only the 
spacer ring having an inside diameter Smaller than the largest 
outside diameter of the rotor blades is disposed in advance on 
the fixed part. Therefore, even a turbo-molecular pump hav 
ing a construction Such that the outside diameters of the rotor 
blades on the exhaust port side are smaller than the outside 
diameters of the rotor blades on the intake port side can be 
assembled easily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing a general configuration of a 
turbo-molecular pump in accordance with an embodiment. 

FIG. 2 is views showing one example of a configuration of 
a spacer ring. 

FIG.3 is a view showing the details of peripheral portions 
of stator blades in a turbo-molecular pump in accordance with 
an embodiment. 

FIG. 4 is an explanatory view of a method for assembling 
a stator blade and a spacer ring in a turbo-molecular pump in 
accordance with an embodiment. 

FIG. 5(a) is a view showing a construction of a spacer ring 
in accordance with an embodiment, FIG. 5(b) is a view show 
ing an assembling construction of the spacer ring in accor 
dance with an embodiment, and FIG. 5(c) is a view showing 
an assembling construction of a conventional spacer ring. 

EXPLANATION OF REFERENCES 

1 ... turbo-molecular pump 
2 . . . casing 
3... threadedly grooved spacer 
4... intake port 
5... flange part 
6 . . . exhaust port 
7 . . . shaft 
8 ... rotor body 
9 . . . rotor blade 
10... cylindrical member 
11... motor section 
12... magnetic bearing section 
13 . . . magnetic bearing section 
14. . . magnetic bearing section 
15 . . . displacement sensor 
16... displacement sensor 
17. . . displacement sensor 
18 . . . metal disc 
19 . . . electromagnet 
20... electromagnet 
21 ... protective bearing 
22. . . protective bearing 
23 . . . bolt 
24. . . base 
25 . . . nut 
30 . . . stator blade 
31 . . . spacer ring 
33 . . . bolt 
34. . . protruding part 
35 . . . step part 
40... threaded groove part 
311 . . . body part 
312 . . . step part 
313 . . . projecting part 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention will now 
be described in detail with reference to FIGS. 1 to 4. In this 
embodiment, as one example of a turbo-molecular pump, a 
composite turbo-molecular-pump-having a-turbo-molecular 
pump section T and a threadedly grooved pump section S is 
disclosed. 

FIG. 1 is a view showing a general configuration of a 
turbo-molecular pump 1 in accordance with this embodi 
ment. FIG. 1 shows a cross section in the axis line direction of 
the turbo-molecular pump 1. This turbo-molecular pump is 
disposed, for example, in semiconductor manufacturing 
equipment, and is used when process gas is exhausted from a 
vacuum chamber. 
A casing 2 forming an outer shell of the turbo-molecular 

pump 1 has a Substantially cylindrical shape, and constitutes 
a housing for the turbo-molecular pump 1 together with a 
threadedly grooved spacer 3 and a base 24 that are provided 
below the casing 2 (on the exhaust port 6 side). In this hous 
ing, a structure for the turbo-molecular pump 1 to performan 
exhaust function, that is, a gas transfer mechanism is pro 
vided. 

This gas transfer mechanism is broadly divided into two 
sections: a rotating section Supported rotatably and a fixed 
section fixed to the housing. 

In the end part of the casing 2, an intake port 4 for intro 
ducing gas into the turbo-molecular pump 1 is formed. Also, 
on the end Surface on the intake port 4 side of the casing 2, a 
flange part 5 projecting to the outer periphery side is formed. 

Also, in the end part of the threadedly grooved spacer 3, an 
exhaust port 6 is formed to exhaust gas from the turbo-mo 
lecular pump 1, that is, to discharge process gas etc. from the 
semiconductor manufacturing equipment. 
The rotating section is made up of a shaft 7, which is a 

rotating shaft (rotary shaft), a rotor body 8 having a Substan 
tially inverse U-shaped cross section that is disposed on the 
shaft 7, rotor blades 9 provided on the rotor body 8, a cylin 
drical member 10 provided on the exhaust port 6 side (in the 
threadedly grooved pump section S), and the like. The rotor 
body 8 is fixed to the upper part of the shaft 7 by a bolt 23. 
Also, the cylindrical member 10 is formed on the extension of 
the rotor body 8, and consists of a member having a cylindri 
cal shape that is concentric with the rotation axis line of the 
rotor body 8. 

At the outer periphery of the rotor body 8, the rotor blades 
9 are disposed. Each rotor blade 9 consists of a blade that 
extends radially from the shaft 7 in such a manner as to tilt 
through a predetermined angle from a plane perpendicular to 
the axis line of the shaft 7. 

In a middle part in the axis line direction of the shaft 7, a 
motor section 11 for rotating the shaft 7 at a high speed is 
provided. In this embodiment, the motor section 11 is a DC 
brushless motor configured as described below. 

The motor section 11 is provided with a permanent magnet 
fixed to the periphery of the shaft 7. This permanent magnetis 
fixed so that, for example, the N poles and the S poles are 
arranged every 180 degrees around the shaft 7. Also, the 
motor section 11 is provided with an electromagnet disposed 
around the permanent magnet with a predetermined clearance 
being provided from the shaft 7. In this embodiment, six 
electromagnets are arranged every 60 degrees so as to be 
symmetrically opposed to the axis line of the shaft 7. 
The turbo-molecular pump is connected to a control unit, 

not shown, via a connector and a cable. By this control unit, 
the current of the electromagnet is changed over Successively 
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6 
so that the rotation of the shaft 7 continues. That is to say, the 
control unit changes over the exciting currents of the six 
electromagnets, by which a rotating magnetic field is gener 
ated around the permanent magnet fixed to the shaft 7. By 
allowing the permanent magnet to follow this rotating mag 
netic field, the shaft 7 is rotated. 
On the intake port 4 side and the exhaust port 6 side of the 

shaft 7 with respect to the motor section 11, magnetic bearing 
sections 12 and 13 for pivotally supporting the shaft 7 in the 
radial direction are provided. Also, at the lower end (exhaust 
port side end) of the shaft 7, a magnetic bearing section 14 for 
pivotally supporting the shaft 7 in the axial direction is pro 
vided. 

These magnetic bearing sections 12 to 14 form what is 
called a five-axis control type magnetic bearing. The shaft 7 is 
supported in the radial direction (in the diameter direction of 
the shaft 7) in a noncontact manner by the magnetic bearing 
sections 12 and 13, and is supported in the thrust direction (in 
the axis direction of the shaft 7) in a noncontact manner by the 
magnetic bearing section 14. 

Also, near the magnetic bearing sections 12 to 14, displace 
ment sensors 15 to 17 for detecting the displacement of the 
shaft 7 are provided. 

In the magnetic bearing section 12, four electromagnets are 
arranged every 90 degrees around the shaft 7 so as to be 
opposed to each other. The shaft 7 is formed of a material 
having a high magnetic permeability (iron etc.) so as to be 
attracted by the magnetic force of these electromagnets. 
The displacement sensor 15 detects the displacement in the 

radial direction of the shaft 7 by performing sampling at 
predetermined time intervals. 
When the control unit, not shown, detects the displacement 

in the radial direction of the shaft 7 from a predetermined 
position by means of the displacement signal sent from the 
displacement sensor 15, the control unit operates So as to 
return the shaft 7 to the predetermined position by regulating 
the magnetic force of each of the electromagnets. The regu 
lation of magnetic force of the electromagnetis accomplished 
by feedback controlling the exciting current of the electro 
magnet. 
The control unit feedback controls the magnetic bearing 

section 12 based on the signal of the displacement sensor 15, 
by which the shaft 7 is magnetically levitated in the radial 
direction in the magnetic bearing section 12 with a predeter 
mined clearance being provided from the electromagnets, and 
is held in the air in a noncontact manner. 
The configuration and operation of the magnetic bearing 

section 13 are the same as those of the magnetic bearing 
section 12. The control unit feedback controls the magnetic 
bearing section 13 based on the signal of the displacement 
sensor 16, by which the shaft 7 is magnetically levitated in the 
radial direction in the magnetic bearing section 13, and is held 
in the air in a noncontact manner. 

Thus, the shaft 7 is held at a predetermined position in the 
radial direction by the operations of the magnetic bearing 
sections 12 and 13. 

Also, the magnetic bearing section 14 has a disc-shaped 
metal disc 18 and electromagnets 19 and 20 to hold the shaft 
7 in the thrust direction. 
The metal disc 18 is formed of a material having a high 

magnetic permeability Such as iron, and is fixed to the shaft 7 
perpendicularly in the center thereof. The electromagnets 19 
and 20 are arranged so as to hold the metal disc 18 therebe 
tween and are opposed to each other. The electromagnet 19 
attracts the metal disc 18 upward by the magnetic force, and 
the electromagnet 20 attracts the metal disc 18 downward. 
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The control unit properly regulates the magnetic forces 
applied to the metal disc 18 by the electromagnets 19 and 20 
to magnetically levitate the shaft 7 in the thrust direction and 
hold the shaft 7 in the air in a noncontact manner. 

Further, the displacement sensor 17 is disposed so as to be 
opposed to the lower end part of the shaft 7. This displace 
ment sensor 17 detects the displacement in the thrust direc 
tion of the shaft 7 by sampling, and sends it to the control unit. 
The control unit detects the displacement in the thrust direc 
tion of the shaft 7 by means of the displacement detection 
signal received from the displacement sensor 17. 
When the shaft 7 moves in either thrust direction and is 

displaced from a predetermined position, the control unit 
feedback controls the exciting currents of the electromagnets 
19 and 20 so as to correct this displacement to regulate the 
magnetic forces, and operates So as to return the shaft 7 to the 
predetermined position. The control unit carries out this feed 
back control continuously. Thereby, the shaft 7 is magneti 
cally levitated at the predetermined position in the thrust 
direction, and is held. 
As explained above, the shaft 7 is held in the radial direc 

tion by the magnetic bearing sections 12 and 13, and is held in 
the thrust direction by the magnetic bearing section 14, so that 
the shaft 7 rotates around the axis line thereof. 

Also, on the upper side and the lower side of the shaft 7. 
protective bearings 21 and 22 are arranged. Usually, the shaft 
7 and the rotating section attached to the shaft 7 are pivotally 
Supported by the magnetic bearing sections 12 and 13 in a 
noncontact manner during the time when they are rotated by 
the motor section 11. The protective bearings 21 and 22 are 
bearings for protecting the whole of the apparatus by pivot 
ally supporting the rotating section in place of the magnetic 
bearing sections 12 and 13 in case of the occurrence of touch 
ing. Therefore, the protective bearings 21 and 22 are arranged 
so that the inner race is in the state of noncontact with the shaft 
7. 
On the inner periphery side of the housing, the fixed section 

is formed. This fixed section is made up of stator blades 30 
provided on the intake port 4 side (in the turbo-molecular 
pump section T), a threadedly grooved spacer 3, and the like. 
In the inner wall surface of the threadedly grooved spacer 3, 
a threaded groove part 40 is formed. 
The stator blade 30 has a blade extending from the inner 

peripheral surface of the housing toward the shaft so as to tilt 
through a predetermined angle from a plane perpendicular to 
the axis line of the shaft 7. 

In the turbo-molecular pump section T, the stator blades 30 
are formed in a plurality of stages in the axis line direction 
alternately with the rotor blades 9. 
The stator blades 30 in the stages are separated from each 

other by spacer rings 31 each having a cylindrical shape 
shown in FIG. 2, and are held at predetermined positions. 
As shown in FIG. 2, the spacer ring 31 is a ring-shaped 

member having a step part, and is formed of a metal Such as 
aluminum, iron, or stainless Steel. 
The interval between the adjacent stator blades 30 is set by 

the thickness of inner peripheral wall, that is, the length (C.) in 
the axial direction. 

The inside diameter of the stator blade 30 in each stage is 
formed so as to be larger than the outside diameter of the rotor 
body 8 in the opposed portion so that the inner peripheral 
surface of the stator blade 30 does not come into contact with 
the outer peripheral surface of the rotor body 8. 

Also, the stator blade 30 in each stage is divided into two 
pieces in the circumferential direction to dispose the stator 
blade 30 between the rotor blades 9. 
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8 
The stator blade 30 is formed by cutting a semi-annular 

outer shape part and a blade part out of a halved thin plate 
formed of for example, stainless steel or aluminum by etch 
ing or other methods and by bending the blade part through a 
predetermined angle by pressing. 
The stator blade 30 formed in this manner is assembled by 

being inserted between the rotor blades 9 from the outside. 
The stator blade 30 is held (fixed) between the rotor blades 9 
in the state in which a part thereof on the outer periphery side 
is held in the circumferential direction by the spacer rings 31. 
The threaded groove part 40 is formed by a spiral groove 

formed along the Surface opposed to the cylindrical member 
10. The threaded groove part 40 is provided so as to face to the 
outer peripheral surface of the cylindrical member 10 with a 
predetermined clearance (gap) being provided. The direction 
of spiral groove formed in the threaded groove part 40 is the 
direction of the exhaust port 6 at the time when gas is trans 
ported in the rotation direction of the shaft 7 in the spiral 
groove. 

Also, the depth of the spiral groove decreases toward the 
exhaust port 6, so that the gas transported in the spiral groove 
is compressed as it approaches the exhaust port 6. 

FIG. 3 is a view showing the details of the peripheral 
portions of the stator blades 30 in the turbo-molecular pump 
1 in accordance with this embodiment. 
As shown in FIG.3, at the outer periphery of the rotor body 

8 of the turbo-molecular pump 1, the rotor blades 9 are pro 
vided in nine stages. Between the rotor blades 9 provided in 
nine stages, the stator blades 30 (a total of eight stages) are 
disposed. 

Also, spacer rings 31a to 31h (eight stages) are provided to 
fix the stator blades 30, which are provided in eight stages, in 
the state in which predetermined intervals are held. 
The rotor blade 9 has a different shape, for example, a 

different height (thickness) or a different tilt angle of blade 
according to the stage in which the rotor blade 9 is formed, so 
that the interval between the rotor blades 9 is also different 
according to the stage. Therefore, all of the shapes of the 
spacer rings 31a to 31 h are not equal and different according 
to the shapes of the rotor blades 9 and the stator blades 30. 

Each of the spacer rings 31a to 31 h is provided with a 
protruding part 34 and a step part 35 as shown in FIG. 2. By 
engaging the protruding part 34 and the step part 35 of the 
spacer rings 31a to 31h that is adjacent to each other in the up 
and down direction, the spacer rings 31a to 31 h are positioned 
and fixed. 
On the surface opposed to the intake port 4 in the outer 

peripheral part of the threadedly grooved spacer 3, a step part 
having a shape corresponding to the step part 35 is formed. On 
the other hand, in a shoulder part (step part) near the intake 
port 4 in which the inside diameter of the casing 2 changes a 
little, a protruding part having a shape corresponding to the 
protruding part 34 is formed. 

Also, the turbo-molecular pump 1 in accordance with this 
embodiment is configured so that the outside diameters of the 
rotor blades 9 on the exhaust port 6 side are smaller than the 
outside diameters of the rotor blades 9 on the intake port 4 
side. 

Specifically, the configuration is such that the outside 
diameters of the rotor blades 9 downto the fifth stage from the 
intake port 4 side are equal, and the outside diameters of the 
rotor blades 9 from the sixth stage to the ninth stage from the 
intake port 4 side are Smaller. 
The reason for this is that the centrifugal stress acting on 

the rotor blades 9 on the downstream side (the exhaust port 6 
side) at the time when the shaft 7 rotates at a high speed is 
reduced. 
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Thus, in the turbo-molecular pump 1 in accordance with 
this embodiment, the outside diameter of the rotor blade 9 is 
also different according to the stage in which the rotor blade 
9 is formed. 

Also, to prevent the backflow of gas molecules at the time 
of turbo-molecular evacuation processing, it is necessary to 
decrease the clearance between the outside diameter of the 
rotor blade 9 and the spacer ring 31a to 31h. Therefore, the 
inside diameter of the spacer ring 31a to 31h opposed to the 
outer peripheral side surface of the rotor blade 9 differs 
according to the stage. 
The inside diameters of the spacer rings 31a to 31h in 

accordance with this embodiment are formed so as to 
decrease stepwise from the intake port 4 side toward the 
exhaust port 6 side. 

In this embodiment, the spacerrings 31 of eight stages each 
provided for every stator blade 30 are named the spacer ring 
31a, the spacer ring 31b, ... in the order from one arranged 
closest to the intake port 4 side, and one arranged closest to 
the exhaust port 6 side is named the spacer ring 31h. 

The spacer rings 31a to 31 h are provided along the inner 
peripheral wall of the casing 2, and the spacer ring 31h dis 
posed closest to the exhaust port 6 side is disposed along the 
Surface opposed to the intake port 4 in the outer peripheral 
part of the threadedly grooved spacer 3. 

Also, the casing 2 has a shape such that the inside diameter 
in the intake port 4 side end part is decreased a little, and is 
configured so that in a shoulder part (step part) in which the 
inside diameter of the casing 2 changes a little, the spacer ring 
31a provided closest to the intake port 4 side is fixed. 
The stator blades 30 and the spacer rings 31a to 31h stacked 

alternately are fixed in a state of being positioned by joining 
the casing 2 to the threadedly grooved spacer 3 by bolts 33. 

In the turbo-molecular pump 1 in accordance with this 
embodiment, the spacer rings 31a to 31e opposed to the rotor 
blades 9 down to the fifth stage from the intake port 4 side, 
which are formed so that the outside diameters are equal, are 
formed into group A, and the spacer rings 31f to 31h opposed 
to the rotor blades 9 from the sixth stage to the eighth stage 
from the intake port 4 side, which are formed so that the 
outside diameters are Small, are formed into group B. 
A method of setting a boundary when the spacer rings 31a 

to 31 h are classified into group A and group B is explained. 
As in the case of the turbo-molecular pump 1 in accordance 

with this embodiment, of the spacer rings 31a to 31 h, the 
spacer rings opposed to the rotor blades 9 having the largest 
outside diameter on the intake port 4 side are classified into 
group A, and, of the spacer rings 31a to 31 h, the spacer rings 
having an inside diameter Smaller than the largest outside 
diameter of the rotor blade 9 is classified into group B. 

That is to say, of the spacer rings 31a to 31h, the spacer 
rings that can be inserted from the. intake port 4 side without 
interference (contact) with the rotor blades 9 are classified 
into group A, and other spacerrings (interfering with the rotor 
blades 9) are classified into group B. 

Next, a method of assembling the stator blades 30 and the 
spacer rings 31a to 31h in the turbo-molecular pump 1 in 
accordance with this embodiment is explained with reference 
to FIGS. 4(a) to 4(c). 

For the turbo-molecular pump 1 in accordance with this 
embodiment, before the rotating section formed by the shaft 
7, the rotor body 8, the rotor blades 9, and the cylindrical 
member 10 is attached to the base 24 being the fixed section, 
of the spacer rings 31a to 31 h, the spacer rings having been 
classified into group B by the above-described method are 
disposed in advance on the threadedly grooved spacer 3 in a 
stacked State. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
That is to say, first, as shown in FIG.4(a), the spacer rings 

31f to 31h of group B are set (disposed) on the threadedly 
grooved spacer 3 in a stacked State. 

Next, the shaft 7 of the rotating section is inserted along the 
bearing section of the base 24 from the upside on the drawing 
(the intake port 4 side), and the rotating section is fixed to the 
base 24, which is the fixed section, by using a nut 25 (refer to 
FIG. 1). 

Thereafter, as shown in FIG. 4(b), the spacer rings 31fto 
31h are raised (lifted up) to provide a clearance between the 
spacer ring 31h closest to the exhaust port 6 side and the 
threadedly grooved spacer 3. Then, the stator blade 30 divided 
into two pieces in the circumferential direction, that is, having 
a halved shape is inserted between the rotor blades 9 from the 
outside in the radial direction through the clearance between 
the spacer ring 31 h and the threadedly grooved spacer 3. 

After the stator blade 30 has been inserted through the 
clearance between the spacer ring 31 h and the threadedly 
grooved spacer 3, as shown in FIG. 4(c), the raising (lifting 
up) of the spacer ring 31h is released, that is, the spacer ring 
31h is lowered, by which the inserted stator blade 30 is held 
by the threadedly grooved spacer 3 and the spacer ring 31h. 
and is fixed. 

Successively, the stator blade 30 having a halved shape is 
inserted between the rotor blades 9 from the outside in the 
radial direction through a clearance between the spacer ring 
31h and the spacer ring 31g, and the inserted stator blade 30 
is held by the spacer ring 31g and the spacer ring 31 h, and is 
fixed. 

In the same way, the stator blade 30 is inserted between the 
rotor blades 9 through a clearance between the spacer ring 
31g and the spacer ring 31f. 
When the clearance is formed to insert the stator blade 30, 

it is desirable to use a special-purpose jig to raise the spacer 
rings 31f to 31h. 

Also, in the turbo-molecular pump 1 in accordance with 
this embodiment, to enable the insertion of the stator blade 30, 
the clearance d1 between the threadedly grooved spacer 3 and 
the spacer ring 31 h, shown in FIG. 4(b), and the clearance d2 
between the spacer ring 31h and the spacer ring 31g, shown in 
FIG. 4(c), are configured so as to take a value larger than the 
height (thickness) of the inserted stator blade 30. 

Although not shown in the drawing, the clearance between 
the spacer ring 31g and the spacer ring 31fis also configured 
So as to take a value larger than the height (thickness) h of the 
inserted stator blade 30. 
The clearance between the spacer ring 31h and the thread 

edly grooved spacer 3 and the clearance between the spacer 
rings 31f to 31 h are movable (variable) clearances formed by 
raising (lifting up) the spacer rings 31f to 31h. However, the 
variable range of these clearances is restricted by the movable 
range of the spacer rings 31f to 31h. 
The outside diameters of the rotor blades 9 downto the fifth 

stage from the intake port 4 side are formed so as to be larger 
than the inside diameter of the spacer ring 31f. Therefore, the 
rotor blade 9 in the fifth stage from the intake port 4 side and 
the spacer ring 31f interfere (come into contact) with each 
other physically, so that the movable range of the spacer ring 
31f is restricted by this portion. 

Thus, the movable range of the spacer rings 31f to 31 h is 
restricted by a portion physically interfering (coming into 
contact) with the rotor blades 9, the adjacent spacerring 31fto 
31 h, the inserted stator blades 30, and the like. 

In the turbo-molecular pump 1 in accordance with this 
embodiment, considering the movable range of the spacer 
rings 31f to 31h restricted in this manner, the clearance 
through which the stator blade 30 is inserted, that is, the 
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clearance between the spacer ring 31 h and the threadedly 
grooved spacer 3 and each of the clearances between the 
spacers 31f to 31 h is set (designed) so as to be larger than the 
height (thickness) h of the inserted stator blade 30. 

The adjustment (regulation) of the clearance between the 
spacer ring 31 h and the threadedly grooved spacer 3 and the 
clearances between the spacers 31f to 31h can be made by 
adjusting the interval at which the rotor blades 9 are formed, 
the height (thickness) h of the stator blade 30, the protruding 
part 34 on the spacer ring 31f to 31h shown in FIG. 2, the 
height (thickness) and shape of the spacer ring 31f to 31 h, and 
the like. 

Specifically, for example, like the spacer ring 31f shown in 
the enlarged view in FIG.4(c), a level difference B is provided 
in the inner peripheral edge part of the upper Surface (Surface 
on the intake port 4 side) to secure (obtain) a distance neces 
sary for preventing the interference (contact) with the rotor 
blade 9. This level difference f functions as an adjusting 
Structure. 

Also, as shown in FIG. 5(a), the spacer ring 31 in the 
turbo-molecular pump 1 in accordance with this embodiment 
is formed by a ring-shaped body part311 having a rectangular 
cross section, a step part 312 projecting from the end Surface 
on the exhaust port 6 side of the body part 311 to the outer 
periphery, and a projecting part 313 projecting from the step 
part 312 to the exhaust port 6 side. 
The projecting part 313 of the adjacent spacer ring 31 and 

the outer peripheral wall of the body part 311 form a holding 
structure for holding the spacer ring 31 by engagement. 

Further, the configuration is made such that the length 
obtained by adding the thickness (h) of the stator blade 30 to 
the length (Y) from the end surface on the intake port 4 side of 
the body part 311 to the end surface on the intake port 4 side 
of the step part 312 is longer than the length (e) of the pro 
jecting part 313. 

By configuring the holding structure for the spacer ring 31 
in this manner, a clearance 6 is formed between the projecting 
parts 313 of the adjacent spacer rings 31 as shown in FIG.5(b) 
when the stator blade 30 is inserted. 

In the state in which the stator blade 30 is not inserted, as 
shown in FIG. 5(b), a clearance L for inserting the stator 
blades 30 can be formed properly. 

In the holding structure for a spacer ring 31' of the conven 
tional example, as shown in FIG. 5(c), no clearance is formed 
between projecting parts 313' of the adjacent spacer rings 31' 
when the stator blade 30' is inserted, so that the spacer ring 31' 
cannot be raised to form a clearance for inserting a stator 
blade 30'. 

After the stator blades 30 have been inserted through the 
clearance between the spacer ring 31 h and the threadedly 
grooved spacer 3 and the clearances between the spacer rings 
31f to 31 h, the stator blade 30 is inserted between the rotor 
blades 9 on the upper surface (the intake port 4 side surface) 
of the spacer ring 31ffrom the outside in the radial direction. 
Then, the spacer ring 31e is fitted from the intake port 4 side 
to fix the Stator blade 30. 

That is to say, after the stator blades 30 have been disposed 
between the spacer rings 31f to 31h of group B, the stator 
blade 30 is further inserted from the outside in the radial 
direction, and the spacer rings 31a to 31e of group A are piled 
up one after another from the exhaust port 6 side while being 
fitted along the outside diameters of the rotor blades 9 from 
the intake port 4 side. 
A method of piling up (fitting) the spacer rings 31a to 31e 

of group A is the same as the conventional method. 
After all of the stator blades 30 and the spacer rings 31a to 

31h have been assembled, the casing 2 is installed so as to 
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12 
cover the spacer rings 31a to 31 h, and the casing 2 is fixed to 
the threadedly grooved spacer 3. The casing 2 is fixed by 
using fastening members such as the bolts 33, for example, as 
shown in FIG. 3. 
By fixing the casing 2 to the threadedly grooved spacer 3, 

the spacer rings 31a to 31 h are fixed, and the stator blades 30 
are fixedly disposed at proper positions between the rotor 
blades 9. 
As described above, in this embodiment, of the spacerrings 

31a to 31 h, the spacer rings that cannot be fitted from the 
intake port 4 side because of the interference (contact) with 
the rotor blade 9 are disposed on the threadedly grooved 
spacer 3 in a stacked State before the rotating section (rotating 
body/rotary body) is fixedly disposed on the fixed section (the 
base 24). 

Specifically, the spacerrings 31f to 31h that cannot befitted 
from the intake port 4 side because of the interference (con 
tact) with the rotor blade 9 are disposed in advance on the 
threadedly grooved spacer 3, that is, on fixed member (fixed 
side) on which the spacer ring 31h is disposed. 
The turbo-molecular pump 1 in accordance with this 

embodiment has a construction Such that the turbo-molecular 
pump 1 is not assembled so that the spacer rings 31f to 31 h are 
fitted on the rotor blades 9 and are stacked, but assembled so 
that the rotor blades 9 (the rotor body 8) are fitted in the 
stacked spacer rings 31f to 31h. 

Since the turbo-molecular pump 1 in accordance with this 
embodiment has such a construction, the turbo-molecular 
pump 1 has a construction Such that the outside diameters of 
the rotor blades 9 on the exhaust port 6 side are smaller than 
the outside diameters of the rotor blades 9 on the intake port 
4 side. However, the spacer rings 31a to 31h that do not have 
a halved shape (that is, are integral) can be assembled easily. 

According to this embodiment, even in the turbo-molecu 
lar pump 1 having the construction Such that the outside 
diameters of the rotor blades 9 on the exhaust port 6 side are 
smaller than the outside diameters of the rotor blades 9 on the 
intake port 4 side, the stator blades 30 can be assembled (piled 
up) without the use of spacer rings that are divided into two 
pieces in the circumferential direction. 

That is to say, even in the turbo-molecular pump 1 having 
the construction such that the outside diameters of the rotor 
blades 9 on the exhaust port 6 side are smaller than the outside 
diameters of the rotor blades 9 on the intake port 4 side, the 
assembling work can be performed one after another from the 
downside as in the conventional example, so that the assem 
bling ability at the manufacturing time is not decreased. 

Also, by using the integral spacerrings 31a to 31h continu 
ous in the circumferential direction, the strength can be 
improved as compared with the turbo-molecular pump using 
halved spacer rings. In particular, the strength against break 
ing torque at the time of abnormality can be improved. 

Further, the integral spacer rings 31a to 31h continuous in 
the circumferential direction have no possibility of the occur 
rence of troubles during processing (cutting) Such as the 
deformation of cut Surface, the distortion of external shape, 
and the shift of joint part (mating part), which may occur in 
the case of the halved spacer ring. 

According to this embodiment, since the construction Such 
that the outside diameters of the rotor blades 9 on the exhaust 
port 6 side are smaller than the outside diameters of the rotor 
blades 9 on the intake port 4 side is adopted, the centrifugal 
stress acting on the rotor blade 9 on the downstream side (the 
exhaust port 6 side) when the shaft 7 rotates at a high speed 
can be reduced, so that the durability of the turbo-molecular 
pump 1 can be improved. 
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What is claimed is: 
1. A turbo-molecular pump comprising: 
a housing having an intake port and an exhaust port; 
a rotary body which is enclosed in the housing and has rotor 

blades of a plurality of stages that are formed so that the 
outside diameter of at least one stage on the exhaust port 
side is Smaller than that on the intake port side; 

a rotary shaft pivotally supporting the rotary body; 
a motor for rotating the rotary shaft; 
stator blades which are fixed to the housing, being arranged 
between the rotor blades, and each of which is divided 
into at least two pieces; and 

spacer rings each having a ring shape continuous in the 
circumferential direction which are arranged between 
the stator blades to hold the stator blades at predeter 
mined intervals, and are formed so that the Smallest 
inside diameter of at least one stage of the spacer rings 
on the exhaust port side is Smaller than the largest out 
side diameter of the rotor blades; 

wherein the housing comprises a casing whose inside 
diameter is constant or whose inside diameter is Smaller 
at the intake port side than at the exhaust port side; and 

wherein a clearance between the adjacent spacer rings 
which is formed in an axial direction when the spacer 
rings are moved to the intake port side is larger than a 
thickness of the stator blade. 

2. A turbo-molecular pump according to claim 1; wherein: 
the spacer ring is formed by a ring-shaped body part having 

a rectangular cross section, a step part projecting from 
the end surface on the exhaust port side of the body part 
to the outer periphery, and a projecting part projecting 
from the step part to the exhaust port side; 

the projecting part of the adjacent spacer ring and the outer 
peripheral wall of the body part form a holding structure 
for holding the spacer ring by engagement; and 

a length obtained by adding the thickness of the stator blade 
to the length from the end surface on the intake port side 
of the body part to the end surface on the intake port side 
of the step part is longer than the length of the projecting 
part of. 

3. A method of assembling a turbo-molecular pump hav 
1ng: 

a housing having an intake port and an exhaust port; 
a rotary body which is enclosed in the housing and has rotor 

blades of a plurality of stages that are formed so that the 
outside diameter of at least one stage on the exhaust port 
side is Smaller than that on the intake port side; 

a rotary shaft pivotally supporting the rotary body; 
a motor for rotating the rotary shaft; 
stator blades which are fixed to the housing, being arranged 
between the rotor blades, and each of which is divided 
into at least two pieces; and 
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spacer rings each having a ring shape continuous in the 

circumferential direction which are arranged between 
the stator blades to hold the stator blades at predeter 
mined intervals, and are formed so that the Smallest 
inside diameter of at least one stage of the spacer rings 
on the exhaust port side is Smaller than the largest out 
side diameter of the rotor blades, the method compris 
ing: 

a first step of disposing only the spacer ring having an 
inside diameter Smaller than the largest outer diameter 
of the rotor blades on the housing or a fixed part fixed to 
the housing: 

a second step of inserting the rotating body in the housing: 
a third step of moving the spacer ring disposed on the fixed 

part in the first step to the intake port side and thereby 
forming a clearance between the adjacent spacer rings; 

a fourth step of inserting the stator blade between the rotor 
blades from the outside in the radial direction through 
the clearance between the spacer rings formed in the 
third step; and 

a fifth step of moving the spacerring moved in the third step 
to the exhaust port side and thereby fixing the stator 
blade inserted in the fourth step. 

4. A turbo-molecular pump comprising: 
a housing having an intake port and an exhaust port; 
a rotary body which is enclosed in the housing and has rotor 

blades of a plurality of stages that are formed so that the 
outside diameter of at least one stage on the exhaust port 
side is Smaller than that on the intake port side; 

a rotary shaft fixed to the rotary body; 
a motor for rotating the rotary shaft; 
stator blades which are fixed to the housing, being arranged 

between the rotor blades, and each of which is divided 
into at least two pieces blades; and 

spacer rings each having a ring shape continuous in the 
circumferential direction which are arranged between 
the stator blades to hold the stator blades at predeter 
mined intervals, and are formed so that the Smallest 
inside diameter of at least one stage of the spacer rings 
on the exhaust port side is Smaller than the largest out 
side diameter of the rotor blades; 

wherein the housing comprises a casing whose inside 
diameter is constant or whose inside diameter is Smaller 
at the intake port side than at the exhaust port side; and 

wherein a clearance between the adjacent spacer rings 
which is formed in an axial direction when the spacer 
rings are moved to the intake port side is larger than a 
thickness of the stator blade. 


